An adiabatic quantal theory of spectral line shapes in collision-induced absorption and emission is presented which incorporates the induced translation-rotation and translation-vibration spectra. 
I. INTRODUCTION
In a collision between two dissimilar atomic systems, overlap forces induce an electric dipole which gives rise to a translational spectrum in the far infrared (FIR) . If one of the colliding pair is a nonpolar molecule, a dipole is produced by the electric fields of its multipole moments which polarize the partner. In addition to the multipole component of the induced dipole, there is an overlap component (usually weaker) and both give rise to translationrotation absorption bands forbidden in the individual molecule. The spectra arise from free-free transitions, coupled with molecular transitions, in which the energy and momentum of the absorbed photon are transferred to the collisional atom-molecule pair. ' Because induced dipoles exist only for times v. of the order of the duration of the collision, the spectra show a substantial bandwidth -õ rders of magnitude greater than ordinary Doppler or pressure broadening. Emission and absorption due to the induced dipoles in collisions of neutral particles are much weaker than the familiar bremsstrahlung spectra of electrons, and collision-induced emission has only recently been observed in the laboratory.
Apart from the general interest in collisional interactions which can be studied by collision-induced absorption (CIA) Trafton ' has given an adiabatic description of the translational absorption spectrum of a gas of pure H2 and a gas mixture of H2 and g(o))= gP, gP, [ (t~p "~t ') )'5(co"+io« -ro), (2) 
where I I is a 9-j symbol identical to Fano's X(j ', /, J', j,/, J;iL,L",1).
The wave function pki (kR ) in (9) is the solution of the radial Schrodinger equation
as R~ao (14) where 5i (17) is the vibrational matrix element, which we specialize now to the case in which v =v'=0. Note that the square of the sums in (16) is the same as a multiple sum over L,A, and L', A, '. From (2) and (16) we get
QkI kR Qk~I R dR = E&~-E& so that the sums over energy in (2) may be replaced by the integrals f f dE dE'.
The sum of squares of the matrix elements of dipole components (7) can be written where we have already integrated over E;. The factor A stems from converting the 5 function of frequency in (2) to one of energy. The 5 function imposes the conditioñ =(E, , -E, )+(EJ. EJ ) on the r-emaining integration in (18). Since the radial wave functions are independent of J and J', the matrix elements in Eq. (16) 
the cross products disappearing. Thus
Energy conservation is imposed by the 5 function in (2) which defines an upper state k' under the integral for any fixed k, j, j, and ca. The radial wave functions uik(kR )/R and matrix elements must be obtained by numerical integration.
Equation (20) is of the form g(co) =Gio(co)+Gi2(co)+Gi2(co)+, each component GI i(co) containing a translational contribution with j = j and a number of rotational lines with j &j,
For fixed L,A,, the functions gI i(co) are the same and are given by The computations to be presented below are based on numerical solutions of Eq. (22) for selected isotropic potentials.
From the solutions, the radial matrix elements are computed and substituted into the translational spectral density (22) to yield rotation-translation spectra (21) Their zeroth and first spectral moments Go and 6& are given by ' (i.e. , 0, 3, 8, 20, 40, 70, 100, 140, 200, 280, 400, 560, 800, 1000, and The measurements of a(co) are shown as dots in Figs. 1 -3. They lie consistently above theory by as much as 20% except for the strong Sp(1) line at 77 K, where the measured absorption is less than the computed value. The H2-He spectra are obtained by subtracting two comparable measurements, one in the mixture and the other in pure hydrogen. Consequently, the difference spectra for H2-He collisions is of lower accuracy than for neat systems. However, since the most prominent difference of the H2-He spectrum from the H2-H2 spectrum is the translational component generated by the isotropic part of the induced dipole, a feature which is absent in pure hydrogen, errors should be relatively small in the measurement of the translational spectrum of the mixture. The rotational lines, on the other hand, are in order of magnitude more intense in pure hydrogen at comparable densities, so that the measurements of the rotational lines in the mixture are of lesser accuracy even when optimal mixture ratios are employed.
With the help of a model line-shape function and a least-mean-squares fitting procedure it is possible to decompose the measured spectra into approximate isotropic and anisotropic components.
The empirical isotropic line shape can be compared with the computed spectral function g~p(co). The model line shape is more intense than the calculated line shape particularly at lower temperatures and falls off faster than the theoretical profiles, suggesting a slightly longer range p&o for the induced isotropic dipole than that given in Eq. (29).
We were led to a similar conclusion from an empirical determination of the range parameter p=0.337 A, a value which is nearly unaffected by the uncertainties of the interaction potentials.
However, the falloff of the model line shape is even steeper than this empirical range would suggest. Thus the ab initio range p&0 is probably too small. The collision-induced absorption coefficient is obtained by inserting the extra sums over exit channels into Eq. 
